Background The role of human bocavirus (HBoV) as a respiratory pathogen has not been fulfilled yet. We aimed to describe clinical and serological characteristics of children with HBoV hospitalized for acute respiratory tract infection and to evaluate whether differences occur between HBoV alone and in co-infection. Methods We retrospectively reviewed data from 60 children (median age of 6.2 months, range 0.6-70.9) hospitalized for acute respiratory symptoms, with HBoV detected from a respiratory sample, using a reverse transcriptase-PCR for 14 respiratory viruses (including respiratory syncytial virus (RSV), influenza virus A and B, human coronavirus OC43, 229E, NL-63 and HUK1, adenovirus, rhinovirus, parainfluenza virus1-3, and human metapneumovirus).
Introduction
Human bocavirus (HBoV), a new virus belonging to the Parvoviridae family, was first identified in 2005 in respiratory samples of children suffering from viral respiratory infections of unknown etiology [1] . Several studies tried to investigate the role of HBoV, reporting a detection rate ranging from 3.1% [1] to 23.1% [2] in children with acute respiratory tract infections. Sometimes, HBoV was considered responsible for a severe clinical presentation in children with acute respiratory disease [3] ; however, other studies reported no differences between HBoV and other viruses in the clinical course of respiratory infections [4] .
HBoV is often detected from respiratory samples together with other viruses [5] [6] [7] , which has been described as a prolonged and intermittent shedding even in asymptomatic patients [3] . In addition, nowadays, the virus does not fulfill the criteria for etiologic association of virus with prevalent disease [8] . As a result, its role of a respiratory pathogen has not been completely accepted yet [9] . To increase our knowledge on the clinical spectrum of HBoV in children with respiratory disease, we aimed to describe the clinical and serological characteristics of children hospitalized for acute respiratory tract infection, whose nasal aspirate or bronchoalveolar lavage (BAL) tested HBoV positive and to investigate whether there is a difference between single infection and co-infection of HBoV.
Methods

Patients
We retrospectively reviewed clinical records of 60 children (31 males, median age of 6.2 months, range 0.6-70.9) hospitalized for acute respiratory infection in the Pediatric Emergency Department at "Sapienza" University Rome from 2010 to July 2016, in which HBoV was detected from nasal aspirate or BAL. The clinical records included demographic and clinical information [such as age, gender, breastfeeding history, family smoking habit, family history for asthma and atopic diseases, laboratory data including blood neutrophil count, blood lymphocyte count, blood eosinophil count, C-reactive protein (CRP) and the days of hospitalization], chest X-ray records, and the clinical severity score ranging from 0 to 8 that was assigned to each infant on admission in the hospital according to arterial oxygen saturation on room air, presence of retractions, ability to feeding as used in an our previous manuscript [10] , and respiratory rate modified according to age as reported for the clinical respiratory score [11] .
We classified children into five groups according to clinical, epidemiological, serological, and radiological findings as having:
(1) bronchiolitis: clinically defined as the first episode of acute lower respiratory tract infection in infants up to 12 months of age, characterized by the acute onset of cough, tachypnea, retraction, and diffuse crackles on chest auscultation [12] ; (2) preschool wheezing: children aged less than 6 years with lower respiratory tract infection, and wheeze on chest auscultation; (3) upper respiratory tract infection (URTI), including children with rhinorrhoea and/or cough, without abnormal findings on chest auscultation; (4) whooping cough, characterized by the presence of cough lasting more than 14 days and at least one of the symptoms of paroxysmal cough, whoop, or posttussive vomiting with positive laboratory findings for Bordetella pertussis [13] ; (5) pneumonia, defined as the presence of fever, acute respiratory symptoms, and evidence of a new lung consolidation [14] .
HBoV was detected using a reverse transcriptase-PCR (RT-PCR) specific for 14 respiratory viruses including respiratory syncytial virus (RSV), influenza virus (IV) A and B, human coronavirus (HCoV) OC43, 229E, NL-63 and HUK1, adenovirus (AdV), rhinovirus (RV), parainfluenza virus (PiV) 1-3, and human metapneumovirus (MPV) and HBoV, as previously described [15, 16] .
The study was approved by the Ethical Committee of Hospital (no.2377/02.02.2012). Researchers adhered to the postulates of the Declaration of Helsinki and an informed consent has been obtained for all patients enrolled.
Statistical analysis
Categorical variables were expressed as numbers and percentages and continuous variables values as median and range or as average and standard deviation. A χ 2 test was performed to compare proportion. The normality of data distribution was tested using the Kolmogorov-Smirnov test. A non-parametric median test (Mann-Whithney U test) was performed for the analysis of continuous variables not normally distributed. Two-side P values < 0.05 were considered as statistically significant. Statistical analysis was performed using the SPSS software (version 23.0; SPSS Inc., Chicago, Illinois, USA). 
Results
Among the 60 children hospitalized for acute respiratory infection, RT-PCR detected HBoV alone in 29 (48.3%) cases and in 31 cases (51.7%) with other viruses. The most frequent co-infections were with RSV and RV ( Fig. 1a ). Monthly distribution of HBoV showed that 53% of the patients were concentrated in December and January, with no difference between single and co-infection ( Fig. 1b) .
Among the 60 children in whom HBoV was detected, 34 (56.6%) were hospitalized for bronchiolitis, 19 (31.7%) for wheezing, 3 (5%) for pneumonia, 2 (3.3%) for an upper respiratory tract infection (URTI), and 2 (3.3%) for whooping cough. Clinical, serological, and radiological characteristic, according to diagnosis, are shown in Table 1 . HBoV was detected alone in 13 infants with bronchiolitis (38.2%), 11 children with an acute episode of wheezing (57.9%), all the patients with pneumonia and in half with URTI.
In children with whooping cough (diagnosed on the basis of B. pertussis detection), HBoV was in co-infection with other viruses in half of the cases (Fig. 2 ).
Seven children (11.6%) (median age of 11.1 months; range 0.63-44.7) were admitted to the Pediatric Intensive Care Unit (PICU) because of respiratory failure. Among these three children hospitalized for an acute episode of wheezing, HBoV was detected alone; on the contrary, in the four infants with bronchiolitis, HBoV was detected together with RSV. In one child with an acute episode of wheezing, HBoV was detected alone from the BAL. No difference was observed in terms of age, positive family history for atopy and/or asthma, clinical presentation (fever, dyspnea, and food intake reduction) consolidation on chest X-ray, and laboratory findings (CRP, white blood cells count, and lymphocyte count) in children with HBoV detected alone vs. children with multiple viral detection. Children with co-detection were more frequently male (P = 0.019, by Chisquare test) ( Table 2) .
Among the children with multiple viral detection, RSV was the most frequently detected virus (61.3%), in which 18 were diagnosed as having bronchiolitis and one upper respiratory tract infection. Infants with HBoV-RSV codetection appeared more often in male (P = 0.013), younger (P = 0.01, by non-parametric median test), and had a lower blood neutrophils count (P = 0.032) compared with children with HBoV detected alone (Table 3) .
When considering only infants with bronchiolitis from RSV to HBoV co-detection, they had a higher clinical severity score (3.5 vs. 2, P = 0.037) than children with bronchiolitis from HBoV alone and they were more frequently male (15 vs. 6, P = 0.034). No differences were observed in family history of asthma and/or atopic diseases, breastfeeding, fever, length of hospital stay, CRP, white blood cells count, eosinophils, and lymphocyte count between infants with bronchiolitis from HBoV to HBoV-RSV. 
Discussion
Our study revealed that HBoV could be detected alone or together with other viruses in nasal aspirates and BAL of children hospitalized for acute respiratory tract infection, in 51.7% as a co-detection, with a peak during the winter season.
The frequency of HBoV co-detection is in line with Zhou et al. (52%) and Ljubin-Sternak et al. [2, 17] , higher than the one found by Sun et al. [18] and only a bit lower than other studies [5, 7, 19] . In infants hospitalized for an acute respiratory infection, Calvo et al. in one study detected HBoV in combination with other viruses in 64.6% of children and in another study in 75% of the patients [5, 19] . Ghietto [3] . The high rate of co-detection raises doubts on causal relationship of HBoV with respiratory infection, considering its prolonged persistence in the airways likewise. Several authors found the virus in different type of cells [20] and in respiratory samples of healthy volunteers [21] . In addition, we found 3% of HBoV detection among 21 controls without respiratory symptoms in our previous study [16] . The cause-effect relationship seems hard to be approved, but a possible help can rely on HBoV detection from the airways samples during the acute infection together with seroconversion of the anti-HBoV antibody titers [22] .
In our series, bronchiolitis was the largest group, and the most frequently HBoV co-detected virus was RSV. In a previous study from our group [9] , we found that in infants with bronchiolitis, the RSV-HBoV co-detection was associated with higher severity and longer hospital stay than infants with bronchiolitis caused by RSV or RV or HBoV alone. Our study found that the co-detection of HBoV with RSV was associated with younger age, male sex, and lower neutrophils peripheral count, compared to HBoV detection alone. Considering only infants hospitalized for bronchiolitis, we confirmed our previous findings that the RSV-HBoV co-detection was associated with higher severity of the disease. Other studies confirmed the higher clinical severity presentation of RSV-HBoV co-infection in infants with respiratory infection [18] . A HBoV co-detection was registered in 42.1% patients with an acute episode of wheezing. Viral trigger in preschool wheeze is nowadays universally recognized, both for episodic and multiple trigger of wheezing [23] . Association of HBoV in respiratory samples and wheezing has been largely described in children [4] [5] [6] 17] . Calvo et al. found [19] infections caused by HBoV were clinically similar to those by RV, except for a higher necessity of oxygen support in the cases of HBoV. In our series, two out of the 19 infants (10.5%) hospitalized for wheezing had a severe clinical presentation and required admission to the PICU. HBoV was detected alone in severe cases and in all cases of pneumonia, suggesting that HBoV might play the role of a pathogen in patient with severe lower respiratory tract infection.
HBoV had a peak during winter season (December-January), which was similar to the peak of RSV in our country, with no difference between single and co-infection. This trend reflected the distribution of bronchiolitis in our country [24] , and it was in line with the previous studies [1, 25] . However, the peak months were in contrast with the data reported by Silva et al., in which HBoV infections occurred more frequently during spring and autumn seasons [26] . Probably, the controversies about the seasonal distribution for HBoV arised from the different population enrolled in the different studies and also from the different geographic areas.
Our retrospective study had several limitations. First, the study lacked healthy controls; second, viral load was not performed on nasal samples, and finally, serological antibodies of HBoV were not assessed.
In conclusion, our study demonstrates that HBoV can be detected in children with acute respiratory tract infection both as single agent and as a co-infection, without any differences regarding the clinical presentation. However, 
